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CALCULATED LIFT DISTFUBUTIONS OF A CONSOLIDAED VULEX 

B-36 AND TWO BOEING B-47 AIFEUNES 

COUPLED AT THE WING TIPS 

By Franklin W. Diederich and Hartin Zlotnick 

Calculated lift dist r ibut ions and associated aerodynamic parameters 
are presented  for a Consolidated  Vultee B-36 and two Boeing B-47 airplanes 
coupled a t  the wing t ips  for  dffferenk  angles of  at tack relative t o  each 
other and with  different  deflections of the  a i lerons of the El-47 airplane. 
For the purpose of calculation,  the lift was assumed t o  be  carried by a 
series of horseshoe vortices  centered on the  quarter-chord line, and the  
induced  flow angle was equated to  the  angle of attack at the  three-quarter- 

.1 
, chord l ine .  

d 
INTRODUCTION 

Configurations  consisting of several airplanes f lying-wing  t ip  t o  
wing t i p  are sometimes considered f o r   t h e  purpose of -roving range o r  
econow. In this paper  calculated aeroctpllamic loadings and some related 
aerodyamic  parameters are presented f o r  such a configuration of recent 
interest ,  namely a Consolidated Vultee El-36 and two Boeing B-47 airplanes 
coupled a t  the  wing t i p s .  (See f i g .  1.) 

For the purpose of ca lcu la t ion ,   the . l i f t  was assumed t o  be carried -I 

by rectangular  horseshoe  vortices  centered a t  the quarter-chord line. 
The strengths of these  vortices, and, hence, the   loca l  lift on the  wing 
were determined by the  condition that  ;the induced  flow  angle a t  the  three- 
quarter-chord line be equal t o  the  angle,of  attack a t  tha t  line at several 
points along  the  span. 

. Lift-distribution  curves and  equations for the  lift, induced drag, 
bending moment, and ro l l ing  moment are presented f o r  the  airplanes flying 
alone and in combination. The aerodynamic parameters fo r   t he  combination * 
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are expressed as increments t o  be added t o  the known data   for   the 
uncoupled airplanes i n  order  to minimize errors  inherent  in  the analysis 
of t h i s  paper. .. 

_I 

T h e  manner i n  which t h i s  information may be used in a performance 
analysis i s  described briefly, but no attempt  has been made t o  make such 
an analysis. 

SYMBOLS 

A 

U 

=@ 
b 

Mb 

C 

- 
C 

Ct 

CmAC 

6 

8 

F 

aspect  ratio 

angle of attack measured  from zero  (section) lift at t i tude of 
t h e   t i p  of the  wing of the B-36 airplane,  degrees 

effective  angle of attack due to  aileron  deflection,  degrees 

wing span, inches 

aerodynamic bending moment (about axes pa ra l l e l   t o   t he  plane 
of symmetry), inch-pounds 

wing chord,  inches 

average wing chord,  inches 

root chord,  inches 

t i p  chord,  inches 

mean aerodynamic  chord, inches 

induced drag, pounds 

aileron  deflection of B-47 airplane (positive downward for 
outboard aileron when flying in combination and f o r  r ight 
aileron when flying alone),  degrees 

angle of attack of B-47 wing t i p   r e l a t i v e  t o  B-36 wing t ip ,  
degrees 

concentrated normal force  at   the  juncture  (posit ive upward cn 
the E%-36 airplane), pounds 
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c 

x 
A 

S 

c Z  

cD: 

=2 

acceleration due t o  gravity,  inches  per second 2 

section lift per unit span, pounds per inch 

w i n g  taper ratio (Tip chord/F&ot chord) 

angle of sweep at   the  quarter-chord  l ine 

w i n g  area,  square  feet 

wing lFft coefficient 

section lift coefficient 

induced  drag  coefficient 

mass moment of i n e r t i a  of B-47 airplane  about its center 
line,  slug-inch2 

L lift, pounds 

M pitching moment about h t e r s e c t i o n  of quarter-chord line and 
plane of symmetq, i nch -po~ds  

* 

n load  factor 
-L 

9 b a m i c  pressure, pounds per square foot  

L' aerodynamic ro l l ing  moment (positive if it tends t o  turn the 
r ight  wing up on the right -47 airplane), inch-pounds 

W gross weight of airplane, pounds 

Y la teral   d is tance f rom the center line, inches 

Y* dfmensionless la te ra l   d i s tance  from the  center l h e  

Subscripts: 

1 '  pertaining t o  the B-36 airplane 

2 pertaining t o  the B-47 airplane 

C coupled condition 
. 

3 

- T pertaining t o  the combination of one B-36 and two E-47 airplanes 
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rw r ight  wing 

lw left wing 

A, B, c, D corresponding to   the  angle-of-attack distributions shown 
in   f i gu re  1 

Method of Calculations 

The concept of representing  the  l if t ing  action of a wing by a con- 
tinuous  concentrated  vortex a t   t he  quarter-chord l i ne  and equating  the 
induced flow angle a t  the three-quarter-chord line t o  the  angle of attack 
a t   t h a t   l i n e  has been found ( i n  reference 1, f o r  instance)  to  give reli- 
able results for   the  spanwise lift distribution and associated  aero- 
dynamic parameters f o r  a wide range of plan forms. Use of a pattern of 
discrete  horseshoe  vortices  instead of a continuous  vortex  has been 
found t o  give  equally good results (reference 2 ) .  However, the commonly 
used methods based on these two approximations t o  a t rue  l i f t ing  surface 
employ mathematical  techniques which are  inapplicable  to  the lift dis- 
tributions  associated  with plan forms of the  type under  consideration. 
Nor do these methods take  into account a number of points along the span .I 

sufficient t o  describe  such  plan  forms. For the  calculations of the 
present  paper a horseshoe-vortex pattern similar to tha t  of reference 2 
was used (see fig. 2), without  resorting  to  the  mathematical  techniques - 
of reference 2, however. 

The downwash velocity due t o  each of the 2 1  horseshoe  vortices was 
calculated a t  each of the 10 downwash points shown i n  f igure 2. For 
symmetrical lift distributions each vortex on one semispan (of the com- 
bined  configuration)  has  the same strength  as  the  vortex  at  the same 
stat ion on the  other semispan, s o  tha t  00 11 of the  vortex  strengths 
need be calculated. By summing the downwash velocit ies due t o  each of 
the 2 1  vortices at each of the 10 downwash points and equating  the sum 
to t h e  angles of attack at those 10 points,  a set of 10 simultaneous 
equations  for  the 11 unknown vortex  strengths may be  obtained. 

In  order t o  so lve   th i s   se t  of equations the  strength of each  cor- 
rector  vortex  (see  fig. 2 )  was assumed t o  be  given i n  terms of tha t  of 
the two adjacent  vortices by an  extrapolation  formula  based on the assump- 
t ion  that   the  lift distribution near t h e   t i p  may be approximated by a 
ser ies  of the  type Ax1/* f BX~/~, x being the  distance  inboard of the 
t i p .  This extrapolation formula res-dts in  a strength of the  corrector 
vortex which is  equal t o  0.995 of tha t  of the  vortex  adjacent  to it " 

, ." ,  



minus 0.271 of t ha t  of the vortex once removed f r o m  it. Substitution of 

unlcnown strength of the  corrector  vortex. The equations can then be 
solved f o r  the unknown strengths of the  other 10 vortices. 

d this relat ion i n t o  the 10 slmultaneous  equations  serves t o  eliminate  the 

As a resu l t  of the fairly large lateral spacing of these  vortices, . 

the lift distributions  calculated  in  the  foregoing manner tend t o  be 
smoother than  the actual distribution i s  l i ke ly  t o  be. To avoid this 
effect  an impractically  large number of vortices would have t o  be  used. 
Bowever, the  discontinuity in chord at   the  juncture  has only a smal l  and 
largely  localized  effect  on the lift distribution;  furthermore, it is 
possible- that the  juncture will be f a i r ed  i n  an  actual  installation. The 
discontinuities in angle of attack due t o  aileron  deflection have been 
taken i n t o  accqunt in the following manner. L i f t  distributions were 
calculated f o r  full-span  ailerons and f o r  ailerons of 60 percent  span; 
the  result ing curves were f a i r ed  w i t h  the aid  of knowledge of lif% dis- 
tr ibutions of uncoupled airplanes due t o  aileron  deflections. A lift . 
distribution  corresponding t o  the  actual  aileron  (about 48 percent span) 
was then  extrapolated from the  other two distributions.  The l i f t  dis- 
tribution  obtained in this manner 2s l i ke ly  t o  be less   re l iab le   than   the  
l i f t   d i s t r i b u t i o n s  due t o  the  other  angle-of-attack  conditions,  but  the 
results may be useful f o r  aileron deflections which are  small compared 
with  the  other  angles of attack. ' 

I The lift distributions were integrated t o  obtain t o t a l  l ifts, bending 

d an unswept  wing by the given lift distributions and integrating  the 

moments, and ro l l ing  moments.  The induced  drags were obtained, on the 
basis of Murk's stagger theorem, by calculating  the downwash induced or i  

product of the   loca l  lift and induced domash angle ( i n  radians) over 
the  span. . 

In representing  the lifting action of the whgs by a vortex  pattern, 
the assumptions are made that the flow is incompressible and inviscid 
and tha t   the   a i r fo i l   sec t ions  are thin. The net   effect  of viscosity 
(that is, of the boundary layer) and of a i r f o i l  thickness is t o  decrease 

. the lift compared with that  calculated. The e f fec t  of compressib-ility i s  
to  increase  the Wt-. A t  the  Mach numbers a t  which the  airplane  configu- 
ra t ion under consideration is l ike ly  t o  cruise,  these  effects  tend t o  
cancel a t  l o w  angles of attack, s o  that no allowance has been made f o r  
e i ther .  A t  high  angles of attack, however, l o c a l  regions on the wings 
tend t o  stall, particularly  near  the wing t i p s  of the E-47 airplanes and 
at the wing juncture, which tends t o  act  somewhat like the r o o t  of a 
sweptforward wing and t o  stall at relati.vely Pow angles of attack. When 

' local  regions  are  stalled the lift distributions cannot  be predicted by 
' the  theoretical  method used in  t h i s  paper. 
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Scope  of Calculations 

The configuration under consideration is  shown i n   f i g u r e   l ( a )  and 
some of i t s  geometric  parameters are presented in table 1. The four 
fundamental  angle-of-attack  conditions f o r  which s anwise lift distribu- 
t ions  have  been calculated are shown i n   f i g u r e   l ( b  P . Case A represents 
a uniform angle of attack on both  airplanes,  case B an  angular displace- 
ment of the  B-b7 airplanes relative t o  the E?-36 airplane,  case C the  
washout ( l inear  twist dis t r ibut ion)  of the Eb36 airplane, and case D a 
uniform  effective  angle of attack due t o  aileron  deflection on the Ei-47 
airplanes. 

RESULTS OF THE CALCULATIONS 

A l l  angles of attack  that  occur in this section are i n  degrees. In 
the  case of the EL47 airplane  there i s  no ambiguity i n   r e f e r r i n g   t o  the 
wing angle of attack,  since  the wing of the B-47 airplane considered i n  
the  present  calculations  has  neither twist nor camber. The wing of the  
El-36 airplane, however, has  both camber and twist. (The sum of the aero- 
dynamic and s t ruc tura l  twist was considered t o  be equivalent t o  2O of 
washout in  the  present  calculations.  ) For  definiteness  the  angle of 
attack of the  B-36 airplane  referred  to fn this section is  t h a t  of the  
E 3 6  wing t i p  measured f r o m  the  angle a t  which the  wing-tip section would 
have  zero l i f t  i n  two-dimensional flow. 

The effective  angle of attack due to   a i le ron   def lec t ion  a66 can be c 

obtained  for any small aileron  deflection 6 by multiplying 6 (in  degrees) 

by the  two-dimensional value of a6 21- f o r   t h e  airf oil-aileron 

combhation of the B-47 airplane. 

ac act 
a6 aa 

L i f t  Distributions 

The lift distributions corresponding t o  the  angle-of-attack distri- 
butions shown i n  figure 1 are shown In figure 3. They are p lo t t ed   i n   t he  
dimensional  form ccz)  rather  than  in  the  frequently used  nondimensional 
form ( ccb/E) i n  order t o  avoid  confusion between the average  chords of 
two airplanes. The loca l  lift per  inch of span  corresponding t o  an 
arbitrary angle-of-attack dis t r ibut ion may then be found by superposition 
f o r  any point a long  the  span of either airplane as: 

( 
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The lift dis t r ibut ions f o r  several  angles of attack are also pre- - sented in dimensionless form in f igure 4; t he  corresponding lift distri- 
butions  for  the two airplanes  flsing  alone  are shown f o r  comparison. It 
appears that   as   a   resul t .of  flying the  airplanes i n  combination the  Ut  
on the B-36 airplane is increased about 10 percent and t h a t  on the  El-47 
airplane, about 20 percent. A s  would be expected,  the largest increase 
i s  incurred  near  the  juncture of the two airplanes. 

L i f t s ,  Moments, and Induced Drags 

L 

L 

Curves of the lift and induced  drag coefficients for the  airplane 
combination are  presented in f igure 5.  The coefficients have been made 
dimensionless  with  the combined wing area. These curves are  f o r  zero 
aileron  deflection. The t o t a l  lFfts and  induced dragsfor   the   en t i re  
combination due t o  a l l  angle-of-attack  conditions  considered are given 
by the  expressions: 

+ 280s ’-_ lS(a@> + 5301 (2 1 

(3 

The l i f t s  and induced drags f o r  the two airplanes  f lying alone as 
calculated in a manner similar t o  that employed f o r  the combination are 
given i n  f igure 6, the coef f ic ien ts   behg  made dimensionless with the  
hd iv idua l  wings areas. Expressions f o r  the  lift and induced drag of 
the individual  airplanes are: 
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where, f o r  the sake of consistency,  the symbol (a + E )  i s  used t o  
designate  the  angle of attack of the B-47 airplane. 

The differences 

represent  (for any angle-of-attack  condition)  the  increase in lFTt and 
the  saving in induced drag obtained by coupling  the  airplanes. Lf the 
presence of one airplane  does  not  affect the profi le  and parasite  drag 
of the  others, and i f  the  leakage o r  other  parasite drag at  the  juncture 
is negligible compared with  the  total  drag, then  the  difference  in  induced 
drag is the  difference in t o t a l  drag  (for  the same angle-of-attack con- 
dition,  coupled  as  against  uncoupled). The differences  defined by equa- 
t ions (6) and ( 7 )  may be expressed  as: 

A$ = q(78u + 726 - 18a66 + 23) (8) 

. 
In  order to facil i tate  the  calculation of the  forces  required t o  

balance  the B-47 airplanes i n  r o l l ,  expressions for   the rolling moments 
and lift on the  individual  airplanes i n  the  presence of each other  are 
required: 7 

. The rol l ing moment i s  that for   the B-47 airplane on the  r ight of the 
El-36 airplane. 
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The bending moments of the aerodynamic w i n g  loads  about  the  center 
0 l ines  of the individual airplanes may be of  interest f o r  s t ruc tura l  

calculations and have a bearing on the  calculations of t h e   s t a t i c  longi- 
tudinal s t a b i l i t y  of the  configuration. They are 

(Mb)2 = q 18,400~ + 17,900s + 10,200(a66) + 600_1 (13) 
crw L 

The r o l l i n g  moment given in  q u a t i o n  (11) i s  the  net of the bending 
moments given in equations (13) and (a). The calculated bending moments 
and the rolling moment of t he  B-47 airplane f o r  the airplanes flying alone 
are : 

I 

A 

t 

(Mb)2 zw = qE6,000(a f e) - 8,6OOa66] J 

The differences between equations (10) t o  (a) and equations (4) and (15) 
to (17) may be  regarded as increments due t o  coupling, which may be 
writ ten as: 
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(&)l = q(17,800~ + 18,900s - 7 , 7 0 0 ~ ~ 6  + 6,4W) 

= q(7100~ + 4700.5 - 2 7 0 0 ~ ~ 6  + 2600) 
zw 

(AI,!) = q( 4700~ - 2800s + 4300~66 - 2000) (23 1 

The wing aerodynamic center i s  the  center of pressure of the aero- 
dynamic loading due t o  a uniform angle of attack. If the chordwise 
center of pressure of the angle-of-attack  loading a t  each s ta t ion  is 
assumed t o  be at the  quarter-chord point,  the aerodynamic center of the 
5 3 6  airplane when coupled is 2 percent of the mean aerodynamic chord of 
that  airplane  rearward of i ts  position when uncoupled. Similarly, the 
aerodynamic center of the  B-47 airplane is  5 percent of the  mean aero- 
dynamic chord of the B-47 airplane  rearward of i ts  position when 
uncoupled. However, t h i s  information  cannot be used directly for es t i -  
mating the   s tab i l i ty  of the individual airplanes in the  configuration o r  
the  configuration  as a whole, since  the  concentrated normdl forces a t  the 
junctures exert pitching moments  on the  airplanes. 

APPLICATION OF THE RESULTS 

The results presented in the  preceding  section may be used i n  calcu- 
la t ion  of the performance  and s t ab i l i t y  of the  airplane combination. 
Since  the manner i n  which they  are  used is, perhaps, no t  obvious, some 
considerations which are  basic t o  such calculations  are  presented in the 
following  sections. 

Calculation of the  Aerornamic  Forces 

In  order t o  calculate  the l if ts  and moments required f o r  s t a t i c  
equilibrium as &ell  as  the drag incurred a t  any att i tude,   the l if ts  and 
d r a g s  of both airplanes (including  fuselages, empennage, and exbernal 
stores) must be known as functions of the individual angles of attack. 
The rol l ing moment  of the B-47 airplane due to  aileron  deflection must 
also be known as a function of aileron  deflection.  This  information may 



where D is an estimated  value of the  leakage o r  other parasite drag 
(if any) a t  each  juncture,  expressed i n  terms of the  angles a and 8 ,  

if possible. 

P 

Equilibriui  Conditions 

- The t o t a l  normal forces,  pitching moments, and r o l l i n g  moments  on 
the  individual  airplanes and on the  combination m t  be  zero f o r  steady 
f l i g h t .  The condition of zero rolling moment is  automatically  satisfied 

B-36, however, the l e f t  wing of the  B-47 airplane tends t o  carry more 
lift than  the  right wing, so that there is a tendency f o r  a net rolling 
moment to ac t  on the B-47 airplane.   In  addition t o  this aerodpmmLc 
rol l ing moment a concentrated normal force efists at the  juncture, i n  
general, which also exerts a rolling moment  on the B-47 airplane.  There 
a r e  two w a y s  i n  which the  net rolling moment may be  reduced t o  zero; 
ei ther  the  relative  angle of at tack of the  airplanes c is adjusted t o  
a suitable  value o r  the  ailerons of the El-47 airplane a r e  displaced a 
certain amount. In general,  both of these methods are l ike ly  t o  be used 
simultaneous*. 

4 i n  symmetrical f l i g h t  of an  uncoupled airplane.  In  the  presence  of-the 

From a mathematical  point of view, at amy given  condition of air- 
plane  weights;centers of gravity, and dynamic pressure  there  are four 
unknown quantit ies (a, E ,  a$, and the  elevator  deflection) which must 
be  determined. If the lift and drag due to  elevator  deflection are neglf- 
gible compared with the to ta l   a i rp lane  lift and drag, the  condition of 

not  be  considered  further. (If there are appreciable changes in lift and 
drag due t o  elevator  deflection,  the elevator deflection must be con- 

* zero  pitching moment serves t o  determine the  elevator  deflection and  need 

- sidered a fourth unknown variable and the  condition of zero  pitching 
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moment considered  simultaneously  with the  other  conditions i n  a manner 
similar t o  that   discussed  in  the following paragraphs.)  There are then b 

two conditions of equilibrium  (the  total lift must equal  the t o t a l  weight, 
and the  net   roll ing moment on the B-47 must  be aero)  for  the  three unknown 
quantit ies a, 6 ,  and a66. , A  t h i r d  condition is required t o  solve f o r  
the  values of the  three  parameters. The nature of the  third  condition is 
discussed i n  a  subsequent  section. 

The conditions  that in steady f l i g h t   t h e   t o t a l  lift must equal  the 
combined gross  weight of the  three  airplanes and that the rolling moment 
on the E3-47 airplane must be  zero may be writ ten as 

I q  = w 1 +  2w 2 

(L' )2c -F - b2 2 (27 1 

where F is the  concentrated normal force at the  juncture,  positive i f  
upward on the -36 airplane, and (L' )2, the  aerodynamfc rol l ing moment. 
In  steady  f l ight  the  force F may be expressed as 

which may be substi tuted in equation (27)  t o   y i e ld  

Fquations (26) and (29) are   l inear  in 
and a66 and, consequently, may be solved 
of a i n  the  form 

where the  constants K1, K2, K3, and K4 

the  three  parameters a, e, 
f o r  e and a66 i n  terms 

i 
depend on q, Wi, and W2. 
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Drag of the  Airplane Combination 

The value of t he  angle of attack may be  determined  from several  
conditions. The condition of primary in t e re s t  i s  tha t  of mtnimum drag. 
The value of the  angle of attack which e s e s  the  drag may be obtained 
by substituting  the  expressions f o r  E and a66 from  equation (30) in to  
the  expression f o r  the t o t a l  drag of the  combination. The result ing 
expression  has  the form 

In order t o  calculate  the  t ip  force  incurred in this condition, for 
structural  reasons  the  values of e and ass may be calculated from 
equations (30) and, together  with a, substi tuted in the  expression f o r  
L2. The value of the  force F is  then  obtained from equation (28) .  

Another condition of i n t e re s t  may be that of zero t i p   f o r c e .  The 

s ions f o r  E and a66 i n t o  the  expression f o r  L2 and equating that 
expression t o  W2. The resulting expression  contains only a and known 
constants. The drag can then be calculated f rom the  general  expression 
f o r  drag by substituting  the  value of a obtained f rom this expression 
and the corresponding  values of e and a$ obtained  from  equation (30) 
in to  that general expression. 

L value of u f o r  this condition may be obtained by substi tutlng  the expres- 

A third  condition of possible i n t e re s t  is that of zero aileron 
deflection. The value of a fo r  that case is 

as a result of equation (30). With this value of a, with  the d u e  of c 
calculated from the  first of equations (30), and  with a66 = 0 the  drag 
f o r  this condition  can be calculated from the  general  equation f o r  the  

by obtnintng  the  value of L2 and subtract- W2 from it. 
# drag; the   t ip   force,  if desired f o r  structural   reasons, ,can be calculated 

. 
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Calculation of the   s tab i l i ty  of a combination of coupled airplanes 
is 8 di f f icu l t  problem since many of the  simplifications  possible for 
uncoupled airplanes,  such as a separate  analysis of longitudinal and of 
lateral s t ab i l i t y   o r  a separate  calculation of s t a t f c  and dynamic sta- 
b i l i ty ,  are not  possible  or may lead t o  insignvicant  results in the  case 
of the combination. A fur ther  complication of an analysis of the  sta- 
b i l i t y  of the combination results from the  fact  that  the  concentrated 
force at the wing t i p  must be taken  into  account. 

Some of the results  presented i n  t h i s  paper may be used i n  the  calcu- 
la t ion  of some of t h e  aerodynamic parameters which enter  into a s t ab i l i t y  
analysis. For instance,  calculation of the  airplane lifts and rol l ing 
moments due to   several  angle-of-attack  conditions  has been described i n  
a preceding  section. The yawing moments due to   these angle-of-attack 
conditions  can be calculated from the  products of the induced  angles of 
attack (which have been calculated  as part of the  calculations of the 
induced  drag  but  are  not  themselves  given i n  this paper) and the  local 
lifts. The yawing moment due t o  s idesl ip  and the side forces are not 
likely t o  be affected by coupling. 

The aero-c pitching moments of the individual uncoupled air- 
planes  can be corrected  for  coupling  effects by subtracting from t h e m  the 
products of the  increments i n  bending moment and of the  tangent of the 
angle of sweepblck. This correction  applies t o  the  pitching moments 
about  the  intersections of the  quarter-chord  lines and the  planes of 
symmetry. In  order t o  apply this  correction,  the  pitching moments of 
the uncoupled airplanes must  be referred t o  these  points;  the  corrected 
moments can  then be transferred back t o  a,ny point of in te res t  by using 
the lifts on the  coupled  airplanes. A further  important  correction t o  
the pitching moments a r i ses  from the   fac t  that the downwash angles are 
affected by coupling. The spanwise load  distributions of figure 3 
provide the  basic  data from which the downwash angles can be calculated, 

The concentrated t ip  force  given by equation (27)  applies only t o  
cases i n  which static  equilibrium exists. For the purposes of s t ab i l i t y  
calculations,   the  t ip  force m u s t  be determfned from conditions of  dynamic 
equilibrium and i ts  ver t ica l  component and yawing moment and pitching 
moment added t o  the aerodynamic l if ts  and moments. 

DISCUSSION 

In  o rde r  to   a id   in   the  evaluat ion of the results obtained i n  t h i s  
paper, some of the  previously  stated  a~su~nptions on which the  calculations 

C 
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are based are summaxized in  this   sect ion and some additional consider- 
ations  that have a bearing on the  application of the  results  are  discussed 
as well. 

In the  calculations of this paper the  juncture has been assumed t o  
be well  faired. A gap  between the wing t i p s  would have a pronounced 
effect on the lift distribution  near  the  tip and, if sufficiently  large, 
on the lift distribution over the  entire span of the configuration. 

The horseshoe-vortex method as used in t h i s  paper 'is h o r n  t o  yield 
reliable lift distributions f o r  relatively sfmple plan forms, for which 
i ts  results may be compared with  those of other methods. For a compli- 
cated  plan form and f o r  complicated  angle-of-attack distribution, 'such 
as those  considered i n  th i s  paper, the accuracy of the liot distribution 
calculated by means of a relatively  coarse  vortex-grid is open t o  ques- 
tion. The fact   that  both  compressibility and boundary-layer effects on 
Uft are  disregarded in the method of this paper is likely t o  have l i t t l e  
effect on the results, but at the probable cruising speed of the airplane 
combination these  effects are l ikely  to  cancel appro-tely. Qselage 
effects have been disregarded i n  the  calculations, as is usually done in  
calculations f o r  uncoupled airplanes. 

There is  insufficient  experience  with such plan forms t o  permit a 
quantitative  estimate of the accuracy. However, the lift distributions 
are logical and have been checked by several approximate theoretical 
methods. Most of the lift distributions  (except  near  the  juncture and 
at the  fuselages),  lffts, bendfng moments, and r o l l i n g  moments are 
estimated t o  be accurate  within a few percent;  the induced drags =e 
l ikely t o  be less accurate, and a l l   r e su l t s  which pertain t o  the  aileron- 
deflected  case are l ikely t o  be less  accurate  than  the  others. These 
statements pertain o n l y  t o  low angles of attack; once any part of the 
wing combination has  stalled,  the results of t h i s  paper become inappli- 
cable. T h i s  fact  should be kept in mind, since the angle-of-attack 
combination fo r   l ea s t   t o t a l  drag, as determined by the preceding equa- 
tions, may well involve angles of attack of the B-47 airplanes  sufficient 
t o  stall parts of their  wings, sweptback wings being particularly likely 
to stall. at relatively small angles of attack. 

The lifts, induced  drags, bending moments, and rolling moments have 
been expressed as increments due t o  coupling. The reason f o r  so dohg 
is that  the use of known results f o r  the uncoupled airplanes,  together 
with  relatively  small  increments due t o  coupling,  tends t o  eliminate o r  
W i s h  the errors inherent in the cZLculations of this paper. Also, 
use of uncoupled wing data  permits  the  inclusion of tail and fuselage 
forces and, t o  some extent, of fuselage-wing interference  effects  in  the 
final coupled-airplane  forces. 
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The basic premise of t h i s  procedure is tha t  fuselage  effects are 
not  affected by coupling, and tha t  tail effects  can be corrected by 
taking  the change in domwash at the tail due to   the  change i n  wing lift 
Fnto account. However, coupling  the  airplanes may r e s u l t   i n  a leakage 
or  other parasite drag, which i s  not  taken  into account i n   t h e  calcu- 
lations of t h i s  paper,  unless the  juncture is  w e l l  f a i red   for  all rela- 
t i ve  angles of attack-and  preferably of yaw as well. If there i s  such a 
drag q d  if i ts  magnitude can be estimated, i t s  effect  on the   t o t a l  air- 
plane drag can easily be included in   the  calculat ion of t he   t o t a l  drag, 
as i n  equation (25), for  instance. 

For calculating  the  shifts   in  the aerodynamic center due t o  coupling 
and f o r  estimating the s ta t ic   longi tudinal   s tabi l i ty   character is t ics  of 
the  airplane combination, the chordwise location of the  local  aerodynamic 
centers i s  required. They may be assumed t o  be a t   t h e  quarter-chord 
points,  but t h i s  assumption i s  not  warranted  except f o r  wings of high 
aspect  ratios, and even f o r  such wings it is  not  valid  near  the  root and 
the   t ips .  However, the  effect  of these  regions on the  pitching and rol l ing 
moments i s  small, particularly inasmuch as   the  effect  of the  root and t h a t  
of the  t ip   tend  to   cancel .  Also, by using  increments  applied t o  known 
data for   the uncoupled airplanes any remaining effects  of local  aerody- 
namic centers  off the quarter-chord line tend  to  be minimized. 

No aeroelast ic   effects  have been taken  into  account i n  the  calcu- 
la t ions of t h i s  paper. At cr below the  cruising  speed of the  airplane 
combination aeroelastic  effects  ( in the ordinary sense)  are l i k e l y  t o  
be  unimportant. However, a concentrated  load at the  coupled wing t i p s  
may give rise t o  w i n g  deflections af suff ic ient  magnitude t o  cause a 
pronounced effect  on the lift distribution and, hence, on the  other 
parameters  calculated i n   t h i s  paper.  This  effect w i l l  depend on the 
magnitude of the  concentrated t i p  load and on the  s t i f fness  of the  air-  
plane  wings. If this   load is  small, as it has t o  be from  purely  struc- 
tural  considerations, i t s  effect  on the lift distribution i s  also  rela- 
t ively small. 

CONCLUDING FtEMARKS 

L i f t  distributions and some associated aerodynamic parameters have 
been calculated f o r  a Consolidated Vutee B-36 and two Boeing E47 air-  
planes  coupled at the wing t ips .  The resul ts  of the  calculations have 
been  expressed  as  increments t o  be added t o  the  known data   for  the 
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uncoupled airplanes in  order t o  mi.nimie errors  inherent in the calcu- 

the performance has been discussed,  but no such calculations have been 
made. 

lations. The  manner i n  which the  results can be used i n  calculations of 

Langley Aeronautical  Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley Air Force Base, Va. 

1. Van Dorn, Nicholas H., and DeYoung, John: A Comparison of Three 
Theoretical Methods of Calculating Span Load Distribution on Swept 
Wings. NACA TN l-476, 1947. 

2. Falkner, V. M.: The Calculation of Aeromamic Loading on Surfaces 
of Any Shape. R. & M. No. 1910, British A.R.C., 1943. 



18 NACA RM 1,50126 
? 

TABLE 1 

: GEOMETRY OF B-36 AND B-47 AIRPLAEJES 

Airplane 

B-36 

B-47 

h36 and 
B-47 

230 4772 

116 1428 

462 7628 

A 

ll.1 

9.43 

27.982 

Ct 
:in.> 

100 

87.4 

I” 

1-47 * 7 

””_ 

12.5 2, 
washout 

. 
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(b) Angle-of-attack distributions.  

Figure 1. - Wing plan form and angle-of-attack  distribution. 
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Figure 2.- Location of  vortices on plan form. 
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Figure 3.- Lift distributions for a, E, a$, and washout of 1 radian. 
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